We measured the pressure distribution across the tibiofemoral and patellofemoral joints during total knee arthroplasty (TKA) using Fuji pressure-sensitive film (Prescale) in 51 patients (63 joints) comparing the results with those in 21 patients in whom Prescale was not used.
Instability of the tibiofemoral and patellofemoral joints is a common cause of dysfunction after total knee arthroplasty (TKA). 1, 2 It may occur because of ligamentous imbalance, improper design of the prosthesis or inadequate positioning of the components. 3 Adequate release of the medial ligaments and lateral retinaculum is important to obtain a stable knee with good congruence in both joints. Contact forces which are not balanced during load-bearing and active movement may lead to loosening of the prosthesis and increased wear of the polyethylene. 4 We measured the stress distribution at the surfaces of the tibiofemoral and patellofemoral joints during operation for TKA using Fuji pressure-sensitive film (Prescale; Fuji Photo Film Co Ltd, Japan) to determine whether this may help to assess the need for soft-tissue release.
PATIENTS AND METHODS
Since 1990, we have measured the pressure distribution during TKA in 63 joints in 51 patients. There were seven men and 44 women; 43 had osteoarthritis and 8 rheumatoid disease. Their mean age was 71 years (50 to 85). Another 21 patients (28 joints) were operated on without using Prescale film and were used as a control group; of these 18 had osteoarthritis and 3 had rheumatoid arthritis. Their mean age was 68 years (55 to 82). All patients were operated on by the same surgeon and received an MG-type TKA (Zimmer Inc). There was no significant difference between the two groups in age, gender, or diagnosis. Prescale film consists of two thin sheets, between which lies a layer of microcapsules. The higher the pressure is the greater the number of microcapsules which rupture, creating a stronger image. The unit area of measurement has a resolution of 0.1 mm. 2 We used low-pressure Prescale film which registers pressure between 2.5 and 10 MPa; this was used in a waterproof package and sterilised with ethylene oxide gas. The thickness of the film is 0.4 mm including the laminate. To fit the surface of the tibiofemoral joint, the material was prepared in three sizes. For the patellofemoral joint, nearly elliptical shapes with wings for pin fixation were used. Figure 1 shows the insertion of the Prescale film. For the tibiofemoral joint it was fixed with screws to the trial tibial component to prevent any movement on the joint surface ( Fig. 1a) . For the patellofemoral joint, the reduced patella was stabilised by clamping its medial border to the incised quadriceps expansion using three towel clips. For each test the knee was flexed once only by manual flexion of the hip while holding only the thigh, with no abduction or adduction of the hip (Fig. 2a) . This allowed flexion of the knee to 90° produced by the weight of the lower leg. The joint was then extended smoothly, using one finger behind tendo Achillis (Fig. 2b) . The Prescale film was removed from the tibiofemoral joint and a similar procedure followed for the patellofemoral joint (Fig. 1b) . The contact areas as determined by the stained film were then examined.
We classified the stress distribution in the tibiofemoral joints into four patterns (Fig. 3) . Pattern I showed uniform bilateral contact -no release of the medial collateral ligament was performed. Patterns IIa, IIb, and IIc were seen in mild, moderate and severe varus-valgus instability respectively, with increased loading concentrated at the inner margin of the compartment on the convex side. In pattern IIa, loading was also observed at the centre of the other side (the lateral compartment in a varus knee). In pattern IIb, the maximal loading had moved to the inner margin of this compartment and in IIc loading was confined to the compartment on the convex side. When pattern II was seen, the medial collateral ligament was released near the level of the joint surface. If pattern II was still present when Prescale film was used again, subperiosteal stripping of the pes anserinus from the proximal tibia was added. If this did not correct the appearance to pattern I the posteromedial capsule was also released. For pattern IIa, release of the medial collateral ligament alone was always sufficient, but release of the pes anserinus or stripping of the posteromedial capsule was often required for patterns IIb and IIc. In pattern IId, stress was concentrated in the posterior region of the medial compartment, and release of the posteromedial capsule was always required. Pattern III was produced by rotational malalignment and required adjustment of the tibial component. Pattern IV was seen when there was a combination of varus-valgus instability and malrotation; this indicated the need for a combination of the procedures carried out for patterns II and III.
We classified the patellofemoral contact patterns into three types: type A had a normal loading on both medial and lateral facets; type B showed reduced loading; and type C absence of loading on the medial side. Pattern A did not require release of the lateral retinaculum. For pattern type B, release was performed only at the level of the patella and for type C from the level of the tibial tuberosity to the superior margin of the patella. On retesting, if stress distribution was still unbalanced the release was extended proximally along the lateral border of the vastus lateralis. Adequate release of the lateral retinaculum allowed equal contact on both sides of the patella. We studied the reproducibility of the pressure distribution in the tibiofemoral joint, by repeating the test twice under the same conditions in 20 joints. An analyser (Fuji film Pressuregraph FPD-703) was used to measure the pressure of the contact area (over 2.5 MPa), the mean and maximal contact pressure, and the midpoint of the pressure distribution.
Instability of the tibiofemoral joint was assessed after TKA by obtaining stress radiographs with forces of 150 N laterally and medially to the knee in nearly full extension, using a Telos stress divice. The lateral shift and tilt of the patella were evaluated on axial films after operation. We compared the postoperative range of movement and the radiological findings for varus and valgus stress between the Prescale and control groups. We analysed the usefulness of measuring the tibiofemoral and patellofemoral contact using a two-sample t-test, and the reproducibility of our methods by linear regression analysis.
RESULTS
In order to analyse the reproducibility of repeated trials the midpoint of the pressure distribution was determined by defining the coronal plane (medial/lateral) as the X-axis and the sagittal plane (anterior/posterior) as the Y-axis (Figs 4a  and 4b) . In a series of 20 measurements the limits of agreement (d-2s to d+2s) were small enough for us to be confident that the midpoint of the pressure distribution as measured with the Pressuregraph analyser was within reasonable limits for our method.
Of the 43 joints in which the stress distribution was examined before and after release of the medial ligaments, 12 (28%) showed good stress distribution which did not require release of the medial ligament. The most common pattern showed a varus-valgus instability in 27 joints (63%). Malrotation requiring correction of the tibial component was found in three joints (7%), and one showed a combination of varus-valgus and rotational malalignment (Table I) . After completion of releases a good distribution of loading stress was observed in 39 joints (91%), but a varus-valgus instability pattern was still present in four.
Of the 49 patellofemoral joints examined, 21 (43%) were type A with equal pressures, 12 (24%) were type B, and 16 (33%) were type C with lateral pressure only. The mean preoperative and postoperative lateral shift of the patella was 4.9 mm and 4.8 mm respectively in the group without release (type A) and 4.8 mm and 2.4 mm respectively in those with release (types B and C). The mean tilting of the patella before and after the operation was 5.1° and 2.3°r espectively in the group without release and 4.4° and 1.1°r espectively in those undergoing release. There was no significant difference between the two groups in lateral shift or tilting (p > 0.05). Dislocation of the patella did not occur.
The mean range of knee movement was 97° before and 106° after operation in the Prescale group (p < 0.05). In the control group the range was 110° before and 112° after operation, showing no significant difference.
The mean valgus stress angle as a measure of varusvalgus instability of the tibiofemoral joint was 4.0° in the Prescale group and significantly more (5.6°) in the control group (p < 0.01). There was no significant difference in the mean varus stress angle between the two groups. The mean valgus plus varus stress angle was 9.2° in the Prescale group and 11.6° in the control group (p < 0.02).
DISCUSSION
In deformed arthritic knees, contractures of the ligaments and articular capsule may require progressive release of the medial collateral ligaments, pes anserinus, and postero- There have been several reports on the evaluation of contact areas and stress distribution in artificial knees. [8] [9] [10] [11] These studies, however, were performed on cadavers or with components alone, and did not address the value of measurements during operation as a guide to the release of soft tissues or the positioning of the components.
In the patellofemoral joint, correction of tracking abnormalities are important to allow proper congruence. Release of the lateral retinaculum and even shortening of the medial retinaculum are performed but the lateral release may damage branches of the lateral genicular artery. For this reason its use should be limited to cases of definite subluxation. 12 Judgement of the need for such procedures is difficult; assessment of pressures in the patellofemoral joint may be useful. We found that 43% of our patients did not require lateral release, since the intraoperative evaluation of the pressure distribution showed adequate congruency without this operation. After operation, lateral stability at the tibiofemoral joint was better in the Prescale group than in the control group because release was used less often, but there was no difference in the range of movement. Harvey et al 13 also reported that the postoperative range of movement was not influenced significantly by medial release of the collateral ligament. Extended release does not increase range of movement, and may prejudice the stability of the joint. One disadvantage of our method is that measurements are made during passive and not active movements; adequate quadriceps tension may not have been applied. We attempted to reproduce the contact stress during walking by the manual application of intraoperative axial loading. The patterns for the tibiofemoral joint were similar to those obtained by passive knee movement, but it was difficult to apply the load at constant force and direction.
In our study, medial ligament release was performed only after the analysis of contact patterns, and after operation we consistently obtained varus-valgus stability. We consider that the intraoperative measurement of contact forces is a useful means of detecting imbalance at the tibiofemoral joint and in assessing patellar tracking.
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